Searching PA J 1 /2 K— v 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2003-153393 
(43)Date of publication of application : 23.05.2003 



t. ... 

(51)Int.CI. 




H04R 19/04 
H04R 31/00 




(21 Application number 


2001-351664 


(71)Applicant 


SEIKO EPSON CORP 


(22)Date of filing : 


16.11.2001 


(72)Inventor : 


MATSUO TAKEHIDE 








KAMISUKE SHINICHI 



(54) CAPACITOR MICROPHONE, MANUFACTURING METHOD THEREOF AND ELECTRONIC 
DEVICE 

(57)Abstract: r- ^ ^ 

PROBLEM TO BE SOLVED: To provide a manufacturing 1 
method of a capacitor microphone which is excellent in 
productivity and capable of forming a hollow portion 
between electrodes and many acoustic holes reliably, 
easily and accurately, and to provide a capacitor 
microphone and an electronic device having the 
capacitor microphone. 

SOLUTION: In the capacitor microphone 1, a back plate 
substrate 2 is joined to a diaphragm substrate 4 with a 
resin 5. The substrate 2 has a first substrate 21, and an 
electrode 251 and a plurality of acoustic holes 31 are 
provided on the substrate 21. The portion where the 
electrode 251 and the acoustic holes 31 are provided 
forms a back plate 20. The diaphragm substrate 4 has a 
second substrate 41, and a diaphragm 40 having an 
electrode 451 being movable for the back plate 20 is 
provided on a second substrate 41. Each of the acoustic 
holes 31 on the substrate 21 is formed by a dry etching 
method, specifically, a Deep RIE (ICP). 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach, the capacitor 

microphone, and electronic equipment of a capacitor microphone. 

[0002] 

[Description of the Prior Art] The capacitor microphone formed so that movable diaphram might 
form a capacitor on a silicon substrate to the back plate where two or more formation of the 
breakthrough called a sound hole was carried out, and this back plate is known. The capacitor 
microphone is advantageous to a miniaturization and low-powerHzing, and since a circuit can be 
unified, a noise can be reduced. 

[0003] As the manufacture approach of this capacitor microphone For example, "A Silicon 
Condenser microphone with Structured Back Plate and Silicon Nitride Membrane" Sensors and 
Actuators, In the 258th page the 251- of 1992 — by Wolfgang Kuhnel and others After 
manufacturing a diaphram chip and a back-plate chip using a silicon substrate, respectively, the 
approach of joining the diaphram chip and back-plate chip is indicated. 

[0004] By the manufacture approach of said capacitor microphone, the sound hole prepared in 
order to control the effect of air damping to a back plate is formed by the wet etching which 
used the alkali water solution as the etching reagent. 

[0005] However, it is difficult to be influenced of field bearing of Si, and for critical die 
MENSHONROSU (CD Loss) to become large in the wet etching using said alkali water solution, 
and to form many sound holes. For this reason, the effect of air damping of the whole diaphram 
cannot be suppressed with sufficient homogeneity. 
[0006] 

[Problem(s) to be Solved by the Invention] The object of this invention is excellent in 
productivity, and is to offer the electronic equipment which has ease, the manufacture approach 
of the capacitor microphone which can be formed with a certainly and sufficient precision, a 
capacitor microphone, and its capacitor microphone for an inter-electrode centrum and many 
sound holes (breakthrough). 
[0007] 

[Means for Solving the Problem] Such an object is attained by this invention of following the (1) 
-(18). 

[0008] (1) While forming an electrode in the 1st semi-conductor substrate, form at least one 
breakthrough by the dry etching method. The 1 st process which manufactures the back-plate 
substrate which has the back plate in which said breakthrough and said electrode were prepared, 
So that the 2nd process which forms in the 2nd semi-conductor substrate the movable diaphram 
which has an electrode, and manufactures a diaphram substrate to it, and said back plate and 
said diaphram may form a capacitor The manufacture approach of the capacitor microphone 
characterized by having the 3rd process which joins said back-plate substrate and said diaphram 
substrate. 

[0009] (2) While removing selectively the part corresponding to the back plate of the 1 st semi- 
conductor substrate, forming a thin-walled part and forming an electrode At least one 
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breakthrough is formed in said thin-walled part by the dry etching method. The 1st process 
which manufactures the back-plate substrate which has the back plate in which said 
breakthrough and said electrode were prepared, So that the 2nd process which forms in the 2nd 
semi-conductor substrate the movable diaphram which has an electrode, and manufactures a 
diaphram substrate to it, and said back plate and said diaphram may form a capacitor The 
manufacture approach of the capacitor microphone characterized by having the 3rd process 
which joins said back-plate substrate and said diaphram substrate. 

[0010] (3) While forming an electrode in the 1st semi-conductor substrate, form at least one 
breakthrough by the dry etching method. The 1st process which manufactures the back-plate 
substrate which has the back plate in which said breakthrough and said electrode were prepared, 
The film which constitutes a part of diaphram [ at least ] in the 2nd semi-conductor substrate is 
formed. The 2nd process which manufactures the diaphram substrate which has the movable 
diaphram which removes selectively the part corresponding to the diaphram of said 2nd semi- 
conductor substrate, forms an electrode in said film of the removed part, and is equipped with 
said film and said electrode, The manufacture approach of the capacitor microphone 
characterized by having the 3rd process which joins said back-piate substrate and said diaphram 
substrate so that said back plate and said diaphram may form a capacitor. 

[001 1] (4) While removing selectively the part corresponding to the back plate of the 1st semi- 
conductor substrate, forming a thin-walled part and forming an electrode At least one 
breakthrough is formed in said thin-walled part by the dry etching method. The 1st process 
which manufactures the back-plate substrate which has the back plate in which said 
breakthrough and said electrode were prepared, The film which constitutes a part of diaphram 
[ at least ] in the 2nd semi-conductor substrate is formed. The 2nd process which manufactures 
the diaphram substrate which has the movable diaphram which removes selectively the part 
corresponding to the diaphram of said 2nd semi-conductor substrate, forms an electrode in said 
film of the removed part, and is equipped with said film and said electrode, The manufacture 
approach of the capacitor microphone characterized by having the 3rd process which joins said 
back-plate substrate and said diaphram substrate so that said back plate and said diaphram may 
form a capacitor. 

[0012] (5) said 1st process — setting — said 1st semi-conductor substrate — this — the 
manufacture approach of a capacitor microphone the above (1) which dopes the dopant which 
improves the conductivity of the 1st semi-conductor substrate, and forms an electrode thru/or 
given in either of (4). 

[0013] (6) Said dopant is the manufacture approach of a capacitor microphone given in the 
above (5) which is boron. 

[0014] (7) Said dry etching method is the manufacture approach of a capacitor microphone the 
above (1) which is the approach of repeating etching by the gas for etching, and formation of the 
protective coat by the gas for DEPOJISSHON by turns, and performing them thru/or given in 
either of (6). 

[001 5] (8) The above (1) which forms said a part of diaphram [ at least ] by the film by the 
nitride in said 2nd process thru/or the manufacture approach of a capacitor microphone given in 
either of (7). 

[0016] (9) The above (1) which forms the pore for connecting with said 2nd semi-conductor 
substrate at the electrode of said back-plate substrate in said 2nd process thru/or the 
manufacture approach of a capacitor microphone given in either of (8). 

[0017] (10) The above (1) which forms a pore in the location corresponding to the pad connected 
to the electrode of said back-plate substrate of said 2nd semi-conductor substrate in said 2nd 
process thru/or the manufacture approach of a capacitor microphone given in either of (8). 
[0018] (1 1) The above (9) which removes said 2nd semi-conductor substrate for forming said 
diaphram by etching in said 2nd process, and forms said pore in that case, or the manufacture 
approach of a capacitor microphone given in (10). 

[0019] (12) The thickness of said diaphram is the manufacture approach of a capacitor 
microphone the above (1) thinner than the thickness of said back plate thru/or given in either of 
(11). 
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[0020] (13) Said 1st semi-conductor substrate is the manufacture approach of a capacitor 
microphone the above (1) which is a single crystal silicon substrate thru/or given in either of 
(12). 

[0021] (14) Said 1st semi-conductor substrate is the manufacture approach of a capacitor 
microphone given in the above (13) which is field (100) bearing or (1 10) field bearing. 
[0022] (15) Said 2nd semi-conductor substrate is the manufacture approach of a capacitor 
microphone the above (1) which is a single crystal silicon substrate thru/or given in either of 
(14). 

[0023] (16) Said 2nd semi-conductor substrate is the manufacture approach of a capacitor 

microphone given in the above (15) which is field (100) bearing or (1 10) field bearing. 

[0024] (17) The capacitor microphone characterized by being manufactured by the manufacture 

approach of a capacitor microphone the above (1) thru/or given in either of (16). 

[0025] (18) Electronic equipment characterized by having the capacitor microphone of a 

publication in the above (17). 

[0026] 

[Embodiment of the Invention] Hereafter, the manufacture approach, the capacitor microphone, 
and electronic equipment of the capacitor microphone of this invention are explained to a detail 
based on the gestalt of suitable operation shown in an accompanying drawing. 
[0027] The cross-section perspective view in which drawing 1 shows the operation gestalt of the 
capacitor microphone of this invention, and drawing 2 are drawings of longitudinal section 
showing the operation gestalt of the capacitor microphone of this invention. 

[0028] The capacitor microphone (microphone of a condenser type) 1 shown in these drawings is 
what (it stuck) joined the back-plate substrate (back-plate chip) 2 and the diaphram substrate 
(diaphram chip) 4. 

[0029] A large number (plurality) formation is carried out for example, on a wafer, and it is 
divided every back-plate substrate 2 (separation), and similarly, a large number (plurality) 
formation is carried out for example, on a wafer, the diaphram substrate 4 is divided every 
diaphram substrate 4 (separation), the back-plate substrate 2 and the diaphram substrate 4 are 
joined after that, and a capacitor microphone 1 completes the back-plate substrate 2. 
[0030] The back-plate substrate 2 has the 1st substrate 21 which is a semi-conductor 
substrate, and an electrode 251 and two or more sound holes (breakthrough) 31 are established 
in the 1st substrate 21. The part in which this electrode 251 and the sound hole 31 are 
established constitutes a back plate 20. In addition, the crevice 23 is formed in the part 
corresponding to the back plate 20 of the 1st substrate 21. 

[0031] The diaphram substrate 4 has the 2nd substrate 41 which is a semi-conductor substrate. 
The diaphram 40 which has the movable (it can displace) electrode 451 to said back plate 20 
(back-plate substrate 2) is formed in the 2nd substrate 41. In addition, the pore 43 is formed in 
the part corresponding to the diaphram 40 of the 2nd substrate 41. 

[0032] These back-plates substrate 2 and the diaphram substrate 4 are arranged so that a back 
plate 20 and diaphram 40 may form a capacitor, and the centrum (space) 6 is formed between a 
back plate 20 and diaphram 40. 

[0033] Although especially the dimension of a capacitor microphone 1 is not limited, thickness 
can be set to about 0.2-1 mm, for example about 2-5mmx2-5mm. 

[0034] Next, the manufacture approach of a capacitor microphone 1 is explained. Drawing 3 - 
drawing 21 are drawings (drawing of longitudinal section) for explaining the manufacture approach 
of a capacitor microphone 1, respectively, among those drawin g 3 - drawing 1 5 show the 
production process (the 1st process) of the back-plate substrate 2, drawing 16 - drawing 20 
show the production process (the 2nd process) of the diaphram substrate 4, and drawing 21 
shows the process (the 3rd process) which joins the back-plate substrate 2 and the diaphram 
substrate 4. 

[0035] First, a semi-conductor substrate is prepared as the 1st substrate 21 and 2nd substrate 
41, respectively. 

[0036] Although these 1st substrates 21 and the 2nd substrate 41 will not be especially limited, 
respectively if they are semi-conductor substrates, it is desirable that it is a single crystal 



http:/ / www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/10/04 



JP,2003-153393,A [DETAILED DESCRIPTION] 



4/12 v 



silicon substrate, and it is [ the single crystal silicon substrate ] more desirable that they are 
field (100) bearing (crystal-face bearing) or (110) field bearing (crystal-face bearing). 
[0037] Thereby, diaphram 40 and a back plate 20 can be formed with a sufficient precision, and 
the capacitor microphone 1 as a design can be obtained. 

[0038] Moreover, although not limited, as for the thickness of the 1st substrate 21 and the 2nd 
substrate 41, it is desirable each, especially that it is about 300-525 micrometers, and it is more 
desirable that it is about 300-400 micrometers. 

[0039] <the production process (the 1st process) of the back-plate substrate 2> <1> — first, as 
shown in drawing 3 , the film 22 used as the mask for etching is altogether formed in the bottom, 
right-hand side, and left-hand side a front-face [ of the 1st substrate 21 ], i.e., drawing 3 
Nakagami of 1st substrate 21, side. 

[0040] As a component of the film 22, Si3N4 grade is mentioned, for example, the film 22 — for 
example, CVD (Chemical Vapor Deposition) — it forms by law (especially heat CVD method) etc. 

[0041] Although especially the thickness of the film 22 is not limited, it is desirable that it is 
about 0.05-0.2 micrometers, and it is more desirable that it is about 0.1-0.15 micrometers. 
[0042] As shown in <2>, next drawing 4 f the part corresponding to a back plate 20, i.e., the part 
corresponding to the crevice 23 shown in drawing 5 , is removed among the film 22 by the side 
of drawing 4 Nakashita of the 1st substrate 21, and the opening 221 of the configuration 
corresponding to a back plate 20 (crevice 23) is formed. Thereby, the 1st substrate 21 is 
exposed from opening 221. 

[0043] Clearance of this film 22 can be performed by for example, the dry etching method, the 
wet etching method, etc. 

[0044] A crevice 23 is formed in the part of the opening 221 of the 1st substrate 21 as shown in 
<3>, next drawing 5 . That is, the part of the opening 221 of the 1st substrate 21 is removed until 
it becomes predetermined thickness, and a thin-walled part 21 1 is formed. The parts of this 
thin-walled part 21 1 and its near serve as a back plate 20 through a next process. 
[0045] Although especially the thickness of the thin-walled part 21 1 of said 1st substrate 21, i.e., 
the thickness of a back plate 20, is not limited, it is desirable that it is about 10-40 micrometers, 
and it is more desirable that it is about 10-15 micrometers. 

[0046] It is desirable to perform formation of said thin-walled part 21 1 (crevice 23) by the 
etching method. That is, it is desirable to etch the 1st substrate 21 exposed from opening 221, 
and to form a thin-walled part 21 1. 

[0047] As a method of etching in this case, although the dry etching method, the wet etching 
method, etc. are mentioned for example, an alkali anisotropic etching technique is desirable 
especially. 

[0048] When performing this process by the alkali anisotropic etching technique, the back plate 
20 of predetermined thickness can be formed with a sufficient precision, and the capacitor 
microphone 1 with high dimensional accuracy can be obtained. 

[0049] In addition, as an alkaline etching reagent in the case of using an alkali anisotropic etching 
technique, the water solution of TMAH (tetramethylammonium hydroxide) etc. is mentioned, for 
example. 

[0050] As shown in <4>, next drawing 6 , the film 24 used as the mask for a dope is formed in 
the front face of the film 22 by the side of drawin g 6 Nakagami of the 1st substrate 21 (opposite 
hand of a crevice 23). 

[0051] As a component of the film 24, Si02 grade is mentioned, for example. The film 24 is 
formed with a CVD method (especially plasma-CVD method) etc. 

[0052] Although especially the thickness of the film 24 is not limited, it is desirable that it is 
about 0.5-2 micrometers, and it is more desirable that it is about 1-1.5 micrometers. 
[0053] As shown in <5>, next drawing 7 , patterning (clearance) is carried out to the 
configuration corresponding to the electrode 251, wiring (outgoing line) 252, and the pad 253 
which show the film 22 and 24 by the side of drawing 7 Nakagami of the 1st substrate 21 to 
drawing 8 , opening 26 is formed, and the part by the side of drawing 7 Nakamigi of the thin- 
walled part 21 1 of the 1st substrate 21 and a thin-walled part 21 1 is exposed from the opening 
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26. 

[0054] In addition, since an electrode 251 is formed in a thin-walled part 21 1 upside and wiring 
252 and a pad 253 are formed in the drawing 7 Nakamigi side of an electrode 251, opening 26 is 
formed in the drawing 7 Nakamigi side of a thin-walled part 21 1 and a thin-walled part 21 1. 
[0055] Clearance of film 22 and 24 can be performed by for example, the dry etching method, the 
wet etching method, etc. 

[0056] As shown in <6>, next drawing 8 , boron (dopant) is doped in the surface section 21 1 by 
the side of drawing 8 Nakagami of the 1st substrate 21 in opening 26, i.e., the thin-walled part of 
the 1st substrate 21, and the surface section of the part by the side of drawing 8 Nakamigi of a 
thin-walled part 21 1 (impregnation), and an electrode 251, wiring 252, and a pad 253 are formed 
in them. 

[0057] Thus, in the process <12> later mentioned by doping boron and forming an electrode 251, 
wiring 252, and a pad 253, in case an insulator layer 27 is etched and two or more openings 272 
are formed, an electrode 251, wiring 252, and a pad 253 can prevent producing deterioration, 
degradation, exfoliation, or the dissolution with the etching reagent (for example, hydrofluoric- 
acid solution). 

[0058] With doping of said boron, it heat-treats by, for example, carrying out opposite 
arrangement of the source of boron diffusion of the solid-state which is not illustrated to the 1 st 
substrate 21 at the drawing 8 Nakagami side of the 1st substrate 21. 

[0059] Although heat treatment conditions are suitably set up according to terms and conditions 
doped, such as the depth (thickness) of the 1st substrate 21, and concentration of boron, it is 
desirable to consider as about 0.5 - 12 hours at about 1025-1200 degrees C, and it is more 
desirable to consider as about 0.5 - 5 hours at about 1075-1200 degrees C. 
[0060] By this processing, boron is doped by predetermined concentration (high concentration) 
from the surface section of the 1st substrate 21 in opening 26, i.e., the front face of the 1st 
substrate 21, to the field of the predetermined depth (thickness), it is spread, and conductivity 
(conductivity) improves. An electrode 251, wiring 252, and a pad 253 are constituted by the part 
(doping section) by which said boron was doped among the 1st substrate 21. In addition, the 
electrode 251 and the pad 253 are electrically connected through wiring 252. 
[0061] Although especially the depth that dopes boron (thickness of the doping section), i.e., the 
thickness of an electrode 251, is not limited, it is desirable to be referred to as about 0.4-1.2 
micrometers, and it is more desirable to be referred to as about 0.5-1 micrometer. 
[0062] Moreover, although especially the concentration of the boron after a dope is not limited, it 
is desirable to carry out to three or more [ 5x1019 //cm ], and it is more desirable to carry out 
to about [ 1x1020 to 5x1020 //cm ] three. 

[0063] In addition, the approach of doping boron may be performed by the approach (approach 
using boron etc. 3 bromination) of using for example, not only the aforementioned approach but 
an ion implantation method, and the source of liquid diffusion etc. 

[0064] Moreover, as long as it can raise the conductivity (conductivity) of the 1st substrate 21 
by doping it as a dopant, it is not limited to boron, others [ boron ], for example, P, As, aluminum, 
etc., are mentioned, and two or more sorts of arbitration may be used. 

[0065] Moreover, by this invention, the electrode 251 of the back-plate substrate 2, wiring 252, 
and a pad 253 may form each by various kinds of metals, polish recon (polycrystalline silicon), 
etc. that what is necessary is just to have conductivity, respectively. 

[0066] As shown in <7>, next drawing 9 , film 22 and 24 is removed. Hydrogen fluoride (HF) etc. 
is used for clearance of these film 22 and 24. 

[0067] As shown in <8>, next drawing 10 , the insulator layer 27 for forming a gap (gap) (space) 
6, i.e., a centrum, between an electrode 251 and the diaphram 40 of the diaphram substrate 4 
mentioned later is formed in the drawing 10 Nakagami side of the 1st substrate 21. The 
thickness of this insulator layer 27 serves as distance between the electrode 251 of this back- 
plate substrate 2, and the diaphram 40 of the diaphram substrate 4 mentioned later (gap length). 
[0068] Although especially the thickness of an insulator layer 27, i.e., the distance between the 
electrode 251 of this back-plate substrate 2 and the diaphram 40 of the diaphram substrate 4 
mentioned later, (gap length) is not limited, it is desirable that it is about 1-5 micrometers, and it 
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is more desirable that it is about 1-3 micrometers. 

[0069] Although it will not be limited as a component of an insulator layer 27 especially if it has 
insulation, an oxide (oxide film) is desirable and Si02 grade is mentioned as the oxide, for 
example. 

[0070] When forming the sound hole 31 later mentioned by using an insulator layer 27 as an 
oxide film like Si02 film by dry etching, it can prevent being influenced by the dry etching 
(prevention). 

[0071] An insulator layer 27 is formed with a CVD method (especially plasma-CVD method) etc. 
[0072] As shown in <9>, next drawing 1 1 , the part corresponding to an electrode 251, wiring 252, 
and a pad 253 is removed among insulator layers 27, opening 271 is formed, and an electrode 
251, wiring 252, and a pad 253 are exposed from the opening 271. 

[0073] Clearance of an insulator layer 27 can be performed by for example, the dry etching 
method, the wet etching method, etc. 

[0074] As shown in <10>, next drawin g 1 2 , the mask 28 of a predetermined pattern is formed in 
the drawing 12 Nakagami side of an insulator layer 27, respectively the drawing 12 Nakagami side 
of the drawing 1 2 Nakagami side 251 of the part doped among the 1st substrate 21, i.e., the 
electrode of the 1st substrate 21, wiring 252, and a pad 253. 

[0075] This mask 28 is a mask for etching when forming in a back plate 20 two or more sound 
holes (breakthrough) 31 shown in drawing 1 3 , and forming in an insulator layer 27 two or more 
openings 272 shown in drawing 14 , and patterning is carried out by the photolithography method 
so that opening 281 may be formed in the part (location) corresponding to each sound hole 31, 
respectively and opening 282 may be formed in the part (location) corresponding to each opening 
272, respectively. 

[0076] As a component of a mask 28, various kinds of resist ingredients etc. are mentioned, for 
example. 

[0077] Moreover, although especially the thickness of a mask 28 is not limited, it is desirable that 
it is about 0.5-2 micrometers, and it is more desirable that it is about 1-1.5 micrometers. 
[0078] Moreover, especially the configuration in the plane view of the opening 281 of a mask 28 
(configuration when seeing from the drawing 12 Nakagami side), i.e., the configuration in the plane 
view of the sound hole 31. is not limited, for example, it can be made into the polygon of circular, 
an ellipse form, a square, etc. 

[0079] Although it is not limited, when the configuration in plane view is made circular for 
example, as for especially the dimension of the opening 281 of a mask 28, i.e., the dimension of 
the sound hole 31, it is desirable that the diameter is about 20-70 micrometers, and it is more 
desirable that it is about 30-60 micrometers. 

[0080] Moreover, although the number of the opening 281 of a mask 28, i.e., the number of the 
sound hole 31, is suitably set up according to terms and conditions, such as the dimension, 
configuration, etc., it is desirable that it is plurality, it is more desirable that it is about [ 50- 
1000 //mm ] two, and it is desirable [ the number ] that it is especially about [ 100-500 //mm ] 
two. Thereby, the effect of air damping can be reduced or prevented more certainly. 
[0081] In addition, it cannot be overemphasized that the number of the sound hole 31 may be 
one piece. 

[0082] Moreover, as shown in drawing 12 , a protective coat 29 is formed in front faces other 
than the drawing 1 2 Nakagami the 1st substrate 21 side (each side face and rear face). 
[0083] This protective coat 29 functions also as a stopper (it is made to penetrate) when etching 
the 1st substrate 21 and forming the sound hole 31. 

[0084] As a component of a protective coat 29, various kinds of resist ingredients etc. are 
mentioned, for example. 

[0085] Moreover, although especially the thickness of a protective coat 29 is not limited, it is 
desirable that it is about 1-5 micrometers, and it is more desirable that it is about 2-3 
micrometers. 

[0086] As shown in <11>, next drawing 13 , in the dry etching method, especially Deep RIE (ICP), 
the thin-walled part 211 of the 1st substrate 21 exposed from each opening 281 of a mask 28 is 
etched, and two or more sound holes (breakthrough) 31 are formed. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2006/10/04 



JP,2003-153393,A [DETAILED DESCRIPTION] 



7/12 ^— v 



[0087] Said Deep RIE (ICP) is the approach (technique) of acting as Fukahori of the semi- 
conductor (for example, silicon), and the approach (bosh process) indicated by U.S. Pat. No. 
5501893 can be used for it as Deep RIE (ICP) at this process. 

[0088] That is, at this process, etching by the gas for etching and formation of the protective 
coat by the gas for DEPOJISSHON are repeated by turns, and a line forms two or more sound 
holes 31, for example. 

[0089] As said gas for etching, SF6 grade is mentioned and C4F8 grade is mentioned as said gas 
for DEPOJISSHON, for example. 

[0090] At this process using Deep RIE (ICP), it can etch with a sufficient precision, without the 
insulator layer 27 exposed from the opening 282 grade of a mask 28 not being etched, but only a 
thin-walled part 21 1 being etched from the opening 281 of a mask 28, and being influenced of 
field bearing of the 1st substrate 21, since it is dry etching when an insulator layer 27 is formed 
by Si02 since a high selection ratio can be taken to an oxide film. That is, without affecting other 
parts, it is accurate and only the sound hole 31 can be formed certainly. 

[0091] Thus, in formation of the sound hole 31, since the dry etching method, especially Deep 
RIE (ICP) are used, many sound holes 31 can be formed with ease, authenticity, and a sufficient 
precision. Thereby, the effect of air damping can be reduced or prevented. 

[0092] In addition, in this invention, in this process, as long as it is the dry etching method, the 
sound hole 31 may be formed using a different approach from the above. 
[0093] As shown in <12>, next drawing 14 , by etching of the dry etching method, the wet 
etching method, etc., especially the wet etching method, the insulator layer 27 exposed from 
each opening 282 of a mask 28 is etched, and two or'more openings 272 are formed in the 
insulator layer 27. 

[0094] By said etching, by forming the 1st substrate 21 by Si and, for example, using the 
hydrofluoric-acid solution which can take Si and a selection ratio as an etching reagent, the 1st 
substrate 21 is not etched but only an insulator layer 27 is etched. That is, without affecting 
other parts, it is accurate and only opening 272 can be formed certainly. 

[0095] In each opening 272, it fills up with the resin 5 for the junction (adhesives) in the case of 
junction to the diaphram substrate 4 and the back-plate substrate 2 which are mentioned later. 
[0096] In addition, although especially the location of said opening 272 is not limited, opening 272 
is located in the edge of the back-plate substrate 2 with this operation gestalt. 
[0097] A large number (plurality) formation is carried out on a wafer, and <13> back-plate 
substrates 2 are predetermined means, such as dicing, and divide the wafer every back-plate 
substrate 2 (separation). 

[0098] And as shown in drawing 1 5 , the mask 28 and protective coat 29 which remain from said 
divided back-plate substrate 2 are removed, and the back-plate substrate 2 is washed. 
[0099] Clearance of a mask 28 and a protective coat 29 can be performed by for example, the 
dry etching method, the wet etching method, etc. 

[0100] Thus, the back-plate substrate 2 is obtained. In addition, a slot is formed in said wafer in 
the shape of a grid, and you may enable it to divide every back-plate substrate 2 in the slot, for 
example in a predetermined process in this invention. Thereby, without carrying out dicing, it can 
divide easily and certainly every back-plate substrate 2, and breakage of the back-plate 
substrate 2 at the time of the division can be prevented more certainly. 

[0101] Moreover, by this invention, the electrode 251 of the back-plate substrate 2, wiring 252, 
and a pad 253 may form each by various kinds of metals, polish recon (polycrystalline silicon), 
etc. that what is necessary is just to have conductivity, respectively. 

[0102] <the production process (the 2nd process) of the diaphram substrate 4> <1> — first, as 
shown in drawing 1 6 , the film 42 is altogether formed in the bottom, right-hand side, and left- 
hand side a front-face [ of the 2nd substrate 41 ], i.e., drawing 1 6 Nakagami of 2nd substrate 41, 
side. When it comes to the mask for etching of the 2nd substrate 41, this film 42 constitutes 
[ both ] a part of diaphram 40. 

[0103] The component of the film 42 has a desirable nitride, for example, Si3N4 grade is 
mentioned. 

[0104] the film 42 — for example, CVD (Chemical Vapor Deposition) — it forms by law 
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(especially heat CVD method) etc. 

[0105] Although especially the thickness of the film 42 is not limited, it is desirable that it is 
about 0.05-0.2 micrometers, and it is more desirable that it is about 0.1-0.15 micrometers. 
[0106] As shown in <2>, next drawing 17 , the part corresponding to diaphram 40, i.e., the part 
corresponding to the pore 43 shown in drawing 18 , and the part corresponding to a pore 44 are 
removed among the film 42 by the side of drawing 1 7 Nakagami of the 2nd substrate 41, and the 
opening 421 of the configuration corresponding to diaphram 40 (pore 43) and the opening 422 of 
the configuration corresponding to a pore 44 are formed. Thereby, the 2nd substrate 41 is 
exposed from openings 421 and 422, respectively. In addition, a pore 44 is formed in the location 
corresponding to the pad 253 of said back-plate substrate 2. 

[0107] Clearance of said film 42 can be performed by for example, the dry etching method, the 
wet etching method, etc. 

[0108] As shown in <3>, next drawing 18 , the part of the opening 421 of the 2nd substrate 41 
and the part of opening 422 are removed until the film 42 is exposed (until it reaches the film 
42), and pores 43 and 44 are formed. 

[0109] the configuration (configuration when seeing from the drawing 2 and drawing 18 Nakagami 
side) in the plane view of these pores 43 and 44 — respectively — the drawing 18 Nakagami 
side and the bottom — abbreviation — the analog (analog *#) or the abbreviation same 
configuration is made. 

[01 10] Although especially the configuration of a pore 43, i.e., the configuration of diaphram 40, is 
not limited, (when it sees from the drawing 2 and drawing 18 Nakagami side), it is making the 
square by plane view with this operation gestalt. 

[0111] Moreover, although especially the configuration of a pore 44 is not limited, (when it sees 
from the drawing 2 and drawing 18 Nakagami side), it is making the square by plane view with this 
operation gestalt. 

[01 12] It is desirable to perform formation of said pores 43 and 44 by the etching method, 
respectively. 

[01 13] Moreover, it is desirable to perform formation of a pore 43 and formation of a pore 44 
simultaneously (at the same process). 

[01 14] With this operation gestalt, the film 42 is etched for the 2nd substrate 41 exposed from 
openings 421 and 422 as a stopper, and pores 43 and 44 are formed simultaneously (at the same 
process). 

[01 15] By performing formation of a pore 43, and formation of a pore 44 simultaneously (at the 
same process), a routing counter can be decreased, and for this reason, productivity is high and 
it is advantageous to mass production. 

[01 16] Moreover, as said etching method, although the dry etching method, the wet etching 
method, etc. are mentioned for example, an alkali anisotropic etching technique is desirable 
especially. 

[01 17] When performing this process by the alkali anisotropic etching technique, the 
predetermined diaphram 40 (pore 43) and the predetermined pore 44 of a dimension can be 
formed with a sufficient precision, and the capacitor microphone 1 with high dimensional 
accuracy can be obtained. 

[0118] In addition, as an alkaline etching reagent in the case of using an alkali anisotropic etching 
technique, the water solution of TMAH (tetramethylammonium hydroxide) etc. is mentioned, for 
example. 

[0119] As shown in <4>, next drawing 19 , the film 42 of the pore 44 bottom is removed, opening 
423 is formed, and a pore 44 is opened to the drawing 19 Nakashita side (it is made to 
penetrate). 

[0120] This pore 44 and openings 422 and 423 meet the pad 253 of the back-plate substrate 2, 
when the diaphram substrate 4 and said back-plate substrate 2 are joined. Therefore, wiring 
electrically connected to the diaphram substrate 4 through this pore 44 and openings 422 and 
423 to the pad 253 of the back-plate substrate 2 can be prepared. 

[0121] Thus, it is advantageous to the miniaturization of a capacitor microphone 1 by forming the 
pore 44 for connecting with the electrode 251 (pad 253) of the back-plate substrate 2 at the 
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diaphram substrate 4, and the pore (breakthrough) which consists of openings 422 and 423. 
[0122] Clearance of said film 42 can be performed by for example, the dry etching method, the 
wet etching method, etc. 

[0123] As shown in <5>, next drawing 1 9 , the electric conduction film (conductor film) 45 of the 
predetermined pattern which has conductivity is formed in the drawing 1 9 Nakagami side of the 
2nd substrate 41. 

[0124] This electric conduction film 45 is continuously formed in the drawing 19 Nakagami side 
of the film 42 the side face (left lateral in drawing 1 9 ) of a pore 43, and near the pore 43 the 
drawing 1 9 Nakagami side of the film 42 in said pore 43, and constitutes an electrode 451, wiring 
452, and a pad 453. In this case, an electrode 451 is located in the drawing 19 Nakagami side of 
the film 42 in a pore 43, a pad 453 is located in the drawing 1 9 Nakagami side of the film 42 near 
the pore 43, and these electrodes 451 and a pad 453 are electrically connected through wiring 
452. In addition, an electrode 451 constitutes a part of diaphram 40. 

[0125] Thus, the diaphram 40 which consists of film 42 and an electrode 451 is formed in the 
drawing 19 Nakashita side of the pore 43 of the 2nd substrate 41. The configuration 
(configuration when seeing from the drawing 2 and drawing 1 9 Nakagami side) in the plane view 
of this diaphram 40 is making the configuration, the analog, or the same configuration in plane 
view of a pore 43. 

[0126] Especially the formation approach of said electric conduction film 45 is not limited, for 
example, the gaseous-phase forming-membranes methods, such as wet plating, such as 
electrolytic plating (electroplating) and electroless deposition, sputtering, ion plating and vacuum 
deposition, and CVD, etc. are mentioned. 

[0127] The electric conduction film 45 has a desirable metal among these, although it has 
conductivity and various kinds of metals, polish recon (polycrystalline silicon), etc. are mentioned 
as the component, for example. 

[0128] When it constitutes the electric conduction film 45 from a metal membrane, especially as 
the metal, it is not limited, for example, Cu, Cu system alloy, aluminum, aluminum system alloy, 
Au, Pt and W, W system alloy, etc. are mentioned. 

[0129] When it constitutes the electric conduction film 45 from polish recon film, it is desirable 
to dope a predetermined dopant on the polish recon film at high concentration (impregnation), 
and to raise the conductivity of the electric conduction film 45. 

[0130] As a dopant, B, P, As, aluminum, etc. are mentioned, for example. Moreover, as an 
approach of doping a dopant, ion implantation etc. is mentioned, for example. 

[0131] Although especially the thickness of the electric conduction film 45 (electrode 451) is not 
limited, as for the thickness of an electrode 451, it is desirable that it is about 0.05-1 
micrometer, and it is more desirable that it is about 0.1-0.5 micrometers. 

A large number (plurality) formation is carried out on a wafer, and <6> diaphram substrates 4 are 
predetermined means, such as dicing, and divide the wafer every diaphram substrate 4 
(separation). 

[0132] And as shown in drawing 20 , the film 42 of the drawing 19 Nakamigi side who remains 
from said divided diaphram substrate 4, and left-hand side is removed, and the diaphram 
substrate 4 is washed. 

[0133] Clearance of the film 42 can be performed by for example, the dry etching method, the 
wet etching method, etc. 

[0134] Thus, the diaphram substrate 4 is obtained. In addition, in this invention, predetermined 
circuits (integrated circuit) which are not illustrated, such as an amplifying circuit and a booster 
circuit, may be formed in the diaphram substrate 4 if needed. 

[0135] Moreover, a slot is formed in said wafer in the shape of a grid, and you may enable it to 
divide every diaphram substrate 4 in the slot, for example in a predetermined process in this 
invention. Thereby, without carrying out dicing, it can divide easily and certainly every diaphram 
substrate 4, and breakage of the diaphram substrate 4 at the time of the division can be 
prevented more certainly. 

[0136] In case openings 421 and 422 are formed in said film 42 in order to form the slot for said 
division for example, opening of the shape of a grid corresponding to the slot is formed in the film 
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42. And when etching said 2nd substrate 41 and forming pores 43 and 44, half etching of the part 
of opening of the shape of said grid of the 2nd substrate 41 is carried out. 

[0137] In addition, any of said 1st process and said 2nd process may be performed first, and the 
1st process and 2nd process may be performed in parallel (simultaneously). 

[0138] <Junction process (the 3rd process)> <1> First, as shown in drawing 21 , alignment of the 
back-plate substrate 2 and the diaphram substrate 4 is performed. 

[0139] In this alignment, as shown in drawing 21 , in the drawing 21 Nakagami down (lengthwise 
direction), the relative location and relative position of the diaphram substrate 4 over the back- 
plate substrate 2 are adjusted so that a back plate 20 and diaphram 40 may meet (coincidence) 
and the pad 253 by the side of the back-plate substrate 2 and the pore 44 (opening 423) by the 
side of the diaphram substrate 4 may meet (coincidence). In this case, the back-plate substrate 
2 or the diaphram substrate 4 may be moved (variation rate), and both may be moved (variation 
rate). 

[0140] The resin (adhesives) which is not dried [ <2> next un-hardening / which it does not 
illustrate /, or ] is supplied on the field in which the predetermined part 272, for example, the 
edge by the side of drawing 21 Nakagami of the back-plate substrate 2, i.e., opening of the 
insulator layer 27 of the back-plate substrate 2, was formed. 

[0141] Supply of this resin can be performed by applying the resin which is not dried [ for 
example, un-hardening or ]. 

[0142] In addition, in this invention, resin may be supplied to the diaphram substrate 4 side, and 
may be supplied to each of the back-plate substrate 2 and the diaphram substrate 4. 
[0143] On <3>, next the back-plate substrate 2, the diaphram substrate 4 is installed through 
resin and they are stuck. Under the present circumstances, it fills up with resin in each opening 
272, respectively. 

[0144] Next, resin is hardened or dried. Thus, as shown in drawing 1 and drawing 2 , the back- 
plate substrate 2 and the diaphram substrate 4 are joined with said resin 5 hardened or dried 
(adhesion), and the centrum (space) 6 which is open for free passage to each sound hole 31 and 
a pore 44 is formed between a back plate 20 and diaphram 40. 

[0145] Moreover, as mentioned above, in drawing 1 and the drawing 2 Nakagami down (lengthwise 
direction), a back plate 20 and diaphram 40 meet (coincidence), and the pad 253 by the side of 
the back-plate substrate 2 and the pore 44 (opening 423) by the side of the diaphram substrate 
4 meet (coincidence). 

[0146] Thus, since the back-plate substrate 2 and the diaphram substrate 4 are joined and a 
capacitor microphone 1 is manufactured, a centrum 6 can be formed with ease, authenticity, and 
a sufficient precision. 

[0147] In addition, in this invention, after supplying the resin which is not dried [ un-hardening 
or], alignment of the back-plate substrate 2 and the diaphram substrate 4 may be performed. 
[0148] Moreover, in this invention, junction to the back-plate substrate 2 and the diaphram 
substrate 4 may be performed by approaches other than the approach of joining by said resin 5. 
[0149] Next, the pad 253 by the side of the back-plate substrate 2 and the pad 453 by the side 
of the diaphram substrate 4 are electrically connected with the lead wire which is not illustrated 
in the predetermined circuit which is not illustrated, for example, respectively. Under the present 
circumstances, connection with a pad 253 is made through a pore 44. 

[0150] The capacitor microphone 1 shown in drawing 1 and drawing 2 as mentioned above is 
obtained. 

[0151] Next, an operation of a capacitor microphone 1 is explained. If voice, i.e., an acoustic 

wave, carries out incidence to the capacitor microphone 1 when a capacitor microphone 1 is in 

operating state, diaphram 40 will vibrate by the acoustic wave (sound pressure). 

[0152] If diaphram 40 vibrates, according to the size (magnitude) of the amplitude, the distance 

between diaphram 40 (electrode 451) and a back plate 20 (electrode 251) will change, and the 

electrostatic capacity of the capacitor which consists of diaphram 40 and a back plate 20 will 

change. 

[0153] Change of this electrostatic capacity is outputted from a capacitor microphone 1 as an 
electrical signal. That is, an acoustic signal is changed and outputted to an electrical signal by 
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the capacitor microphone 1. 

[0154] Since according to said capacitor microphone 1 and its manufacture approach the back- 
plate substrate 2 and the diaphram substrate 4 are joined and a capacitor microphone 1 is 
manufactured as explained above, the centrum 6 between a back plate 20 and diaphram 40 can 
be formed with ease, authenticity, and a sufficient precision. 

[0155] furthermore, the thing for which the dry etching method, especially Deep RIE (ICP) are 
used in formation of the sound hole 31 of a back plate 20 — many sound holes 31 — ease — it 
can form with a certainly and sufficient precision. Thereby, the effect of air damping can be 
reduced or prevented. 

[0156] For this reason, a capacitor microphone 1 has the outstanding property (a mechanical 
property and acoustical property). 

[01 57] Moreover, a capacitor microphone 1 can be formed in the manufacture process 
(especially micro-machining) of a semi-conductor. For this reason, easily, a precision can (often 
[ precision ]) be processed, productivity is high, and it is advantageous to mass production, and 
advantageous also to a miniaturization. 

[0158] Moreover, the back-plate substrate 2 or the diaphram substrate 4, and the circumference 
circuit of a capacitor microphone 1 can be formed on the same substrate (unification). 
[0159] The capacitor microphone 1 mentioned above can be incorporated and used for various 
kinds of electronic equipment (electronic instrument). 

[0160] Next, the operation gestalt at the time of applying the electronic equipment of this 
invention to hearing aid is explained. 

[0161] Drawing 22 is the perspective view showing the operation gestalt of the hearing aid 
equipped with the capacitor microphone 1 which shows the electronic equipment of this 
invention to the operation gestalt, i.e., drawing 1 f and drawing 2 at the time of applying to 
hearing aid. 

[0162] As shown in this drawing, hearing aid (electronic equipment) 100 has the casing 
(sheathing member) 110 in which opening 120 was formed. 

[0163] In this casing 110, the capacitor microphone 1 mentioned above, the loudspeaker which is 
not illustrated, and the predetermined electrical circuit which was electrically connected to these 
capacitor microphones 1 and a loudspeaker and which it does not illustrate are installed, 
respectively. 

[0164] The capacitor microphone 1 is arranged so that the 2nd substrate 41 may be located in 
the direction of a sound source and the sense and the pore 43 40 of the 2nd substrate 41, i.e., 
diaphram, may be located in the location of opening 120. 

[0165] Next, an operation of hearing aid 100 is explained. As mentioned above, the voice (sound 
pressure) from a sound source is changed into an electrical signal by the capacitor microphone 
1. 

[0166] Signal processing of this electrical signal is carried out in an electrical circuit, it is 
inputted into a loudspeaker, and is again changed and outputted to voice by the loudspeaker. 
[0167] Thereby, the user of hearing aid 100 can catch the voice from a sound source easily and 
certainly. 

[0168] As explained above, since this hearing aid 100 contains the capacitor microphone 1 
mentioned above, it has the very good engine performance. 

[0169] This invention is applicable not only to the hearing aid mentioned above but all the 
electronic equipment that, in addition to this, has microphones, such as audio input units, such 
as a cellular phone (PHS is included), a TV phone, a telephone, and these cellular phones, a TV 
phone, a telephone. 

[01 70] As mentioned above, although the manufacture approach, the capacitor microphone, and 
electronic equipment of a capacitor microphone of this invention were explained based on the 
operation gestalt of a graphic display, this invention is not limited to this and can permute the 
configuration of each part by the thing of the configuration of the arbitration which has the same 
function. 
[0171] 

[Effect of the Invention] since according to this invention a back-plate substrate and a diaphram 
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substrate are joined and a capacitor microphone is manufactured, as stated above — an inter- 
electrode centrum (space) — ease — it can form with a certainly and sufficient precision. 
[0172] furthermore, the thing for which the dry etching method, especially Deep RIE (ICP) are 
used in formation of the sound hole (breakthrough) of a back plate — many sound holes — ease 
— it can form with a certainly and sufficient precision. Thereby, the effect of air damping can be 
reduced or prevented. 

[0173] For this reason, high performance, i.e., the capacitor microphone which has the 

outstanding mechanical property and an acoustical property, is obtained. 

[0174] Moreover, in this invention, a capacitor microphone can be manufactured easily, 

productivity is high, and it is advantageous to mass production, and advantageous also to a 

miniaturization. 



[Translation done.] 
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I— V t ftufB^-f t77At^3y7 f yf3S:^-f 5«t 

>-7^^i^^>< ^ n * yoigjfto 
[0 0 11] (4) 

mm&Mf&lrZkkh^ K9>f^ yf^^ftCJ: t)SfI 

¥i*s»^t77A^>^< ^^m^-r^ 

R^«««r»jAb. SulS^ftJ:I/mjlB«^^^x^Wii] 

^^t77A^n^t77ASKIigt§S 

2coX@i, BtrE^y^^^— b t taia^V *¥:7 9 At 
« k «JlE^^f 7 9 ASS ^ Sr^-T 5 IB 3 (Dig i S: 

50 



( 4 ) 

5 

[0012] ( 5 ) buie* i ^xstc*5v>T, mmm 

lo#»«*fc, »m^¥*(«*<o»«tt*ft± 
i- 3 K— ^LT«3K*:»dtr*±e ( 1 ) 
ftV^L (4) <DV^*Ld»tefB*0=>"7 ? >'^>f ^ 

[0013] (6) WEK-^Mi, *?*t*)5 
±15 (5) KUlfc<D^lsTi/^4 fuftz/comBX 

[0 0 14] (7) OTBK9>f^y*-^«fett. 

*fc J: £Sfc«k9iKWr5#»^ 
£>S±1S (1) ftV^L (6) (DVN-f^tdfB^^^ 

[0015] (8) ms$s 2 (onm^^x. mm* 

5 ±15 (1) fcV^b (7) <^>1Vb)&^l5«<0= 

u-^>r * d * ^osaat^fto 

[0 0 16] (9) WfEJB2©XeiC*5V^T, ffilBJS 
20^3#S&tC, BUl5^s/^yu- hlffiOtltg 
jBE-t"5fc»<0?L«Sr*fifc-*-*±C (1) fcv^L (8) 20 

[0 0 17] (10) H&15^2<DX8fc:fcV*T, OTIE 

12 (1) ftl^L (8) cov^n^(c|2«co=i^^v-^^ 

[0 0 18] (11) «TEIR2 0XaKi3V^ WIB 
^+77A Sr^i"^ fc*CD«WBJB 2 ©*»#S«(D 

±15 (9) *fc^ (10) ^15*0=1^^^^^ o 30 

[0019] (12) Btrl5^-fir7 9A(0*$tt. hu 
la^y*:/^— h^JPSiimvvhffi (l) fti^L (l 
l) <n\^frfr\z.t^<n^i/v t 4 ^ n SBg 

[0 0 2 0] (13) i!ul53? 1 0¥*ffcE«M:, 
Sr^U =*^2&K-Cfc5±f5 (1) ftV^L (12) <£>vvr 

[0021] (14) mem i ( i 

0 0) ffi*fir*fctt (110) ®^fir-Cfc^±l5 (1 40 
[0 0 2 2] (15) «TlEfll2 0^***«tt, 

svy =>SffiT*fc«±ia (i) &v>l (i4) ovnt 

ixj&^IBfto ^ isfis^J Wits xoWkfiWio 

[oo2 3] (i6) mmm2<D¥mi*mmz. d 

0 0) Bj6r«t*fctt (110) BH*tt-e*>«±E (1 
5) lCl5^c0^^x>-^^-r^n^^co^3t^fe 0 
[0 0 2 4] (17) ±15 (1) &V^b (1 6) 

5 Sit * tift r fc t -T £ = 50 
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[0 0 2 5] (18) ±15 (17) KWM<0*^7 ! Zs 
[0 0 2 6] 

[0 0 2 7] Elite. #3£93£>:3 V^VIh^^r ^ n/Js^ 

[0028] rix^oig^^i-^v^v*-^^ ^ 

S4£ (/^^^U-hfy^) 2£, jfj^r&mm. 

Ac) *><£>T*fc£o 
[0 0 2 9] ^y^7 P l/-hll2ll Wx.il fr*^ 

±t*» («*) »rits*t, #^^^-n«2^ 

<««) Six. Nttlc* ^t77AS 

*4tt. 5^*^±fc#« (**) #f*4*b. «• 

^ir^7^S«4rt^SiJ (#fS£) 

[0 0 3 0] /^^7 p WhSS2H ¥2»#X4R-c*> 

5$iosffi2 i -t<z>»i<osffi2 ncte. a 

S25 l&ZTP&8k<D = gm'&—fr (K5i7L) 3 1 
ttibfrTV^^;^^:^- h 2 0^Mt5 o ft 

[0 0 3 1] ^t77ASi4(l 

H StfE^s/^i — F20 (^y^7 p w-MS2) 

[0 0 3 2] rftfe'^^l Mfi2^^t77 

AS«4<Jrte. /<5/^yi/-h20<h^t77A40 

^y^h2 0^^t77A4 0^^^H ^S?i5 

[0 0 3 3] ny^yt^^n^yio^Sit 
R3£**LftV^, Will 2-5mmX2~5mmflS 
-C, fSH 0. 2-lmmggtt5-im^ 

[0 0 3 4] JfeiC. ^V'TVI^^^^nTjx^KDSaig* 
ife^fftM-rSo H3-B2 1I1 ^rtb^ix, ^^ryf 

H) -CfctK -^^9^, B3-B15W:, 
hS^2cD§g3gXg (SSlOXS) ^r^b. EI 1 6 —IE) 



7 

2 0ft ^t77ASS40!!i|Ig (Jg2(DXll) 

[0 0 3 5] £1\ $1(Z)S«2 l*5j:r/S2(DS«4 
[0 0 3 6] (OSS2 l*$<fct/B2CDg&4 

fir) , Jcfctt (110) mJytiL OSSffl^tt) -CfcSCO 
[0 0 3 7] ClttlCit). ^>ft77A4 0^ 

[0 0 3 8] fBl COSS2 l*3j;U^2 0>£ffi4 

i©SStt, -tivCTu »teRJfcS*Lttv\»* 3 0 0- 
5 2 3 0 0-40 0 M 

[0 0 3 9] <^y^^U— h«S2©«Jftxa (*1 
GQXg) > 

< i>*i\ a3^Ttj:5{:> ssi<e>s*r2 i<om 
-rt£t>*>. iiosfi2iwa3^±«, tail * 

2 2«r«jfc1-* 0 

[0 0 4 0] M2 2a?«fifcH-»fc UTtt, Si 

3 N 4 WiS||Hf btt5. 12 2ft «*.tf* CVD (Ch 
eraical Vapor Deposition) jfc iCVDft) ^ 

[0 0 4 1 1 12 2<o**tt. WclRftSixftv^s, 
0. 05-0. 2 timU&X~hZ><DtmiZl'<s 0. 1 
-0. 1 5 /imB*T?*>5<0**J:9#*LV\ > 

[0 0 4 2] <2>m^, m4\Z^-f£ ? (C, A 1 (D^ 
WL2 1 (Dgj4^T{R'JoK2 2<D?^ /<y^^l/-F2 
0 l£ttffi1-S«AHh -rftfc-b, H 5 fc^BfllB 2 3 IC» 
/&^£^#£I&^U /< 5 /^7 p U-h2 0 (MIR52 3) 
l:mt^«olP2 2ie^t5 0 ^tt^J:f9, 

ggp 2 2 iHii©sfi2 i#«mi-£o 

[0 0 4 3] :©S22«ift WiH K7>fX5; 

[0 0 4 4] <3>2k^, RISK:*?-* 5fc, glltf>S 
4E2 105BP2 2 KO»»fcBflflfU2 3&Ml&-rz>o i"* 
fr^, » 1 2 1 tOM P 2 2 1 OgiS#Sr. Ff^^i? 

/^^Ix- h 2 Ot^^o 
[0 0 4 5] M1EA 1 2 1 <D»£)£i5 211 <DJ? 

-T*fc>*>, *y#-f\s— V 2 OOJP^H WKHRft 
Sivfel^s. 10-4 0MmgfttJ)5W$U<, 
10-15 MmgStfc6^^J:!)ffiU\ 
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[0 0 4 6] BulB^I*}^ 2 1 1 m% 2 3 ) 0>J&/£tt, 
2 2 1 ^e?ffiffiL-CV^B 1 2 1 

[0 0 4 7] COil^iyfy^ffitttlt 

[0 0 4 8] ttiiT/w* 9 R^ftxyf y/ft|it 
10 DfT5»frfcr4* 0f^(O**<o^5/^^u— h 2 0 Sr» 

[0 0 4 9] fe*5, 7;^yWtt^7f^^ffl^ 

5f ^7;^ y ttwx> 7 f y^$^ Lt}i, #lifc£. 
TM AH (rh^^f-^^x^W KotW 

[0 0 5 0] <4>?k^, IH6ic^-r i 5M> S?i<o2 

^2 1 CDIH6 ^JbiftiJ (Di3^2 3^>JK*fffiiJ) C0^2 2CD^ 
20 [0 0 5 1] 12 4(OtM^t ttlt iill Si 

o 2 «2 4ra\ win cvds h» 

[0 0 5 2] K2 4©fStt, WfcR^SjftfcV^ 

0. 5 — 2/*ma*-e*>S03a«»*b<, 1-1. 5/x 

[0 0 5 3] <5>#C^ g|7l^tJ;5t^ ^icoS 
«2 1©H7t±W^ll2 2*5j:t;2 4S:, 0 8 IC^-T 
mm2 5 1 % SBiSS (5l#ttiU*) 2 5 2»J:tf/<yK2 
5 3t»JS:i-S**t^*— LTIP2 
30 6£712j£U ^CDHIP 2 6j&>e>tfl<0S4E2 1 (0»^lflfS 
2 1 l*5j:tf«f*j£fl2 1 1 ©H7fti©MS:llfflS 

[0 0 5 4] ft*5 x 25111 211 <D±M 

\Z.m?hiV. E»2 5 2»J:tf^5'K2 5 3tt N ®® 2 
5 1 OH7«t»*«|^t9:»t6>ixSO-C, BBP2 6H *l*0 
35 2 l l*5J:t^»SlSP2 l i<oH7^*Wc«rt*ix 

So 

[0 0 5 51 !2 2*Jj;t;2 4(Di4ft Will K7 

40 t^-C^S 0 

[0 0 5 6] <6>&K1, gj 8 ± 5 5IP2 6 

t>*>, SlOS«2 l^*^J^2 1 l*5±t^»^llF8 2 1 

Sr K— ^ (SA) LT1S2 5 1 % 1B^2 5 2*5it5^ 
yK2 5 3 Sr?BjS;-r*o 

[0 0 5 7] 5 K**9f§£ K— ^1X18 2 5 

1, ia^2 5 2*5J:tf^y K2 5 3*?g^;-r5^i:l-ct 
^aii-^X@< 1 2 >l£*5V^ «2 7!:xo / 

50 fy^ltaMP2 7 2^t^ t® 1 ^ 



( 6 ) 
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wz-ii* 7-yft**i«) -emu 2 5i, ib 

B.2 5 2»tV'<v K2 5 3^ ^SC, #fls. fiJBt^fc 

[0 0 5 8] stiia^^^ro k— trv^-eri, #<J;tf4\ m 
±(B!jic, wsi (os® 2 i ic*fb-c*ff6]ESb, aaaa 

[0 0 5 9]«I##it K-fV^tvSfSlCOS 

®2ico8!£ t*^i©SS^oiMt)SC 
TM^jE^fr-Sas, 1025~1 2 0 0tSST% 10 

0. 5~12^flSaii:t5©ASff4L<, 1 0 7 5~ 
1 200tSST?, O. 5~5«flBS*i:i-S<OdSJ:9 

[0 0 6 0] r<Djaicj:D, p§p 2 6 fticsm^fg 1 
os® 2 1 (D^mn. siosi2io^i 

m K**?m& K-rs*t, jtutuT, (** 
tt) jftsfcu-rs. f§icos®2 ico?*>, me***© 

K-^^tvfc^ (K— tT^») lei "9, tffi2 5 

1, Eilft2 5 2*5i^j/ K2 5 3a*«fift3jT,5. * 20 
*5, 112 5 1 k'*y K2 5 3 £14, Ifi*H2 5 2£?>L 

[006 1] #**«:K— ^l"*** (K-tT^SS© 
ff£) , m®2 5 1 C9j?£f4, WtcPS^^tt 

&V>a*, 0. 4~1. 2 »m&&b1r2>(Di)W£. L-< , 
0. 5~i ,*mfi,St1-5<o;iS4!?£?*Lv\ ) 

[006 2] Sfc, K— :7«ro***ro*fe«u WfcR 

Jfe£*tfcV^ s , 5X10' 9 <i/cm s jy.Jit-t-5ro^ 
£?£L<, lX.10 !, ~5X10' , l/cm s IS 

ti-^ro^i 0#*uv\, 30 

[0 0 6 3] &*5, K— T'-TS^fett, mJfEcO 

[0 0 6 4] K-zOhitm **t*K— ^ 

tsriia!)! iroS«2i<o#lf (»fi14) *irj 

-r, p, as, Ai^Wb 

£fc, ffift<&2«SLh«rfflvvT:<b.fcv\ > 
[0 0 6 5] >)c38Wt?«:, ^5-^/l/-hSfi2 40 

<0®tt2 5 1, W3&2 5 2j3,fcTJ^*s> K2 5 3 14, -^tb 

rf, #«co&js, #yi/y=>v y «*-e 

[0 0 6 6] <7>&(C, H9 (C^-TJ; •jtJl, 122* 
4tf2 4§ri^*-T5o IWK2 2*54.T*2 4<73Bfe*lei 
(4, 7yft*« (HF) *f&JBv^S 8 

[0 06 7] < 8 >&(;:, m 1 0 IC^-T i 5 Kl, ^ 1 CO 

s®2 i ©si o^±fi!i^, mm2 5 i ^m^-rs^ 

iT77ASiK4<D^ir77A4 0 k<Dm\zfflti& + 50 
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y7") , i"-ftt>t», +2»» (ffiW) 6£r^/&-r5fc«>co 
i»»«2 7«r*ri£i-5. ^©W2 7<K>mZ&. ^co 
hSfi2©tS2 5 1 im^l-S^-Y^ 
9AS®4^^-lr:75A4 0 £<7}P,fleDB§B£ (^5-7' 

[o o 6 8] H6JMI2 7©*S, z.n*y9 

t/U— hS®2C0®«2 5 1 tSt5^t77Ai 
S4, #^RB^Six*v^s, l~5Ming«t-fe5^? 

[0 0 6 9] &&ig2 7.<D«W»mi: LT{4, *feiiStt£ 
£F£L<, t©M*iLTIi, #I;U4, S iO, 

[0 0 7 0] mm&2 7 £S i O, K©J: 5fc»fl2lR4: 

«WSrS»t5©Sriaih (Kit) -T5 i t 5. 
[0 0 7 1 ] ^112 7(4, CVDS (ttfcl, 

/7X-7cvd£) ^tc4«?^-r^c 

[0 0 7 2] <9 >#:IC, Ell td^-f- J; 5 [C, 
2 7 CO 5 ®J&2 5 1 , 1B^2 5 2*J±TJ t ^3' K2 5 
3lc*tJ&i-5!fl#£|&3cLT&Bn 2 7 l Sr^J^U, ^co 
iP27 1 ^P>®ffi2 5 1 , BEi&2 5 2*Ji^-7 K2 
5 3 trttffi^-a-^,, 

[0 0 7 3] $6^2 7CD|&5fet4, Wx.f4, K^^f 31 S' 

[0 0 7 4] < 1 0 >^(-, El 1 2 p IC, ^1 

<DS®2 1cop^, K— V-yyZMzMftnm 1 2^-h 
110, -T ^*3^>, f5 1 COS® 2 1 ©IS 2 5 1, i3i^ 2 5 

2 *5it^^ 5»K2 5 3 (Dm 1 2 ^JiffiU t , t&mtig 2 7 <D 
mi 2t> Jbfilltm, ^rti-^tt, Bf^^ — ^<0-v7.9 2 
8 «rJtMfei-5„ 

[0 0 7 5] rc0^^.^28(4, /<y?7 , V-h2 0^ 
ID 1 3 ic^tl**©**^-/!^ (JtSTL) 3 1 
b, 2 7 —El 1 4 lZ7F-rmWt.<Dffl P 2 7 2 Sr^fiS, 

3 1 I^JStSM ((fit«) K-ttt-PtbH P2 8 1» 

fig^ti, *>o, §ip 2 7 2ic^i-^gB5> mm.) 
h y y/77^-tttv<?-=^^^5. 

[0 0 7 6] -^^^ 2 8<Dmmtnt LTf4, Wx.f4, 

[0 0 7 7] -^X? 2 8COff$(4, !RftPS5£§ix 

/£V^5, 0. 5~2/imSg-Cfc5©iS0il,<, 1~ 
1. 5 m mSS^fc^tO^i t)*f* 

[0 0 7 8] -^^^ 28<09BP28 1 (DW-W&X- 

(DWtVi (mi 2 t>±Wt>*tZ>&1tb , -t*£t> 

tS*-^3 1 CO¥®Sn?CO^W4, IflcPS^^n 
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[0 0 7 9] -^X^ 2 8 (Dm P 2 8 1 OTfifc* 

^ 2 0 3 0 — 6 

[0 0 8 0] -^^^ 2 8(7)B3P 2 8 1 tofflift, -f 

■ /.ctofe, f»^-/w3i©fiftit 

b<. 5 0-1 0 0 0fi/mm 2 SStfc^^J:^ 
£L<, 1 0 0-5 0 0fi/mm 2 

[0 0 8 1] 4^, t»^-/V3 10i»(t H@T?fc 

[0 0 8 2] ai 2 ^TJ; 9 ^> Si^)SS2 

1 com l 2 *±flOE**o*H (#«iE*Jil«ffi) M> 
{£«Jg£2 9 8r»*t5. 

[0 0 8 3] ^(DftS«2 9»4, »l©S*S2lSrxy 20 
f-y^Ltf9tv^3lS:Mt5 (KiiS^rS) 4: 

[0 0 8 4] ft«|2 9©ilJW»i:tm 

[0 0 8 5] ftll2 9<DJ5£te, 

ftl^S, l-5Mmgatfc5^jf$t<, 2 — 3 m 

[0 0 8 6] < l l HI 1 3 td^-r J: 5 K7 

^fiyf^S, #tCDeep RIE (ICP) \ZX, ^r*i?2 
8<D&m & 2 8 1 fl>e>BWL-CV^5» 1 <£>S&2 1 CD* 30 

7L) 3 1 *mm-z>o 

[0 0 8 7] ItJlEDeep RIE (ICP) ft, («* 
tf, ^J=^l Sr»«i-S*ft (««) *Ig 
■Ctt, Deep RIE (ICP) t LT, #S4*?F» 5 

5 0 1 8 9 3*^E**ixTV^*ife (tfVv-^nir 

[0 0 8 8] ^ry^ls 
^3 1 

[0 0 8 9] mflB^s/^-^^^t LTJ3\ fi»J^fi, 
SF 6 ^s^rffoix. *fc, ItBr^r^a^l^ 

[0 0 9 0] Deep RIE (ICP) £JB^5*Xg"Cfcj\ & 

27^Si0 2 2 8 

2 8 2^<b^ffiLT^5*fe*J@l2 7ttxyf^SJi 
i\ -^^^ 2 8(DiP 2 8 1 d*e>*^lW2 1 1 (Dfrfr^ 
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S4R2 lC0ffi*flr^«*gftSr fc*<. *#S&<^ 

[0 0 9 1] ^<7) J: 51-. ff*-^3 l <omj&K-&^ 

"CM:. K7^X5/fVi/i£, #tO)eep RIE (ICP) Srffi 

>-^<o«»S:fi«* fcttBSjti- 5 - 4: d>"C# So 

[0 0 9 2] **5, *jBWCtt. *Xm^*^T, K9 

f*-^3 1 «:»rtUTt> 
[0 0 9 3] < l 2 >&M. HI l 4 5 K9 

£\ ft\Z$=.>y h^y^^yfefcX* 2 8 (D&m 

p 2 8 2d^KaUTV^5Jlfe»IK2 7 Sr^y^^i/U 
*©»lftfll2 7 1C«S^MP 2 7 2*Mt§o 
[0 0 9 4] gtJfS^^^V^-Cfi, 0!l*.fcf* ^lcOS« 
2 lSrS i-C»*U xy^diUS i ta«Jfc 

< % sp 2 7 2 <o^*mm& < > «*fc»riti-« 

[0095] ^|P 2 7 2rt^tt, ^-t" 5^ + 77 

-&0fc*<0»ffi (g^*#J) 5****S*b6o 
[0 0 9 6] ft *>\ mJlSM P 2 7 2 OftStt. *8M£|E5£ 

£*LftV^S. IP 2 7 2I1 

hStK2coffiffl5lcffiSLTV>-5o 
[0 0 9 7] < 1 3 >'*y#-7\s— Mfi2fi, 

[0 0 9 8] ttt, HI l miiS^fiJ^ 

«tt;ni2 9^^u ^7^/u-Mffi2^ 

[0 0 9 9] -77^2 8*5j:t;ftaii2 9^ilt Wl 
[0 10 0] r co J: 5 (CUT. — MS2^ 

wfetb^o ft*5^ *?8Kt-tt, m^oxgtc^o 
x&'^vv?^— b&i&2z:b\cftmxzz>£ ; ?\zL,x 

[0 10 1] hS«2 
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5 E&2 5 2#>£rJ/<y K2 5 3 tt, ^tt 

[0 10 2] <^-y7 5^XS4^«3SXS (*2<D 
18) > 

<1>S1\ 01 6fc*-J-±5^, H2<7)S«4 1 C7)^ 
BE* lOBl 6*±«L Tttk 

*ffld*5±Vfeffll^-r-<TB!4 -2 r(7>JK4 2 

tt, *2©Sfi4 1©xyf-y^o^^i45ii: 

[01031142 <D«J*»»ra\ L < , 
mtLli, si 3 N fl - «3ftS*tfbJX« 0 

[0 10 4] R4 2H CVD (Chemical Vap 

or Deposition) ft (Wfc, H&CVDft) fcl <fc 9 Tfcfifc 

[0 10 5] |g4 2©fSlt »KRt*ft4V^, 
0. 0 5 — 0. 2MmSSt?fc5<DdSffiL<H 0. 1 
— 0. 1 5 m mifiaT-fcSOiSi D ff* U\ 

[0106] < 2 > &t£, 017 J: 5 B2(D 

mWL4 1 (OH 1 7 <f>_h{UJ(£>Jg|4 2 <£> ? ^Vir^A 
4 0fc*ttS-r5<fM>\ i"4tot>, 01 8td^-T?L^4 3 
K:»jS-r6«»fc^ JL»4 4fc»jS^a«#fcfclfc* 
U ^t77A40 (7L6B4 3) lc»j£-*-«JtM*<DBIJ 
P421h ?L«4 4K*rjES-f5«tt^«lP4 2 2i* 
-*U- J; v) , Hp 4 2 i*sJ:tM 2 2**6* 

jx^*2(os4R4 l^ara-rs. M4 4}t 

ttlB^y^^u— H«2^y K2 5 3lcM/^-T5{4 

[0 1 0 7] MrlB*4 2(Z)Uft*W:, K9>f^y 
fy/fc *x^ y h^5,^>-^fe^^J:»5ff 
#5c 

[0108] < 3 >#:^. HI 1 8 tc^-T J: 51-. IK 2 <£> 
g&4 1 £>Hn 4 2 1 <DS8^*5j:t5BBP 4 2 2^35# 

14 2*ftWi-«*"C (IK 4 2KSj«-r5*-c) 
*U ?Lffi4 3*5<fctf4 4 Sr»J*-f & 0 

[0 10 9] ^ixfe?LlfS4 3*5«fctf4 4^)?®ftT^f 
2R (B2*5ttfHl 8n«A^afci#« tt. 
•tix«v Hi 8>f>Ji«fcT«i:3S«lMaiH» 

[0 110] ?L£&4 3<7)7f^ -T^^^>, ^-f^^A 
¥ffi«-e (H2*5J:t501 8 "f±«36»bJlfci#) > 23 
[0 111] *fc, M4 4«WJ, WKRJfeSixfc 

[0112] SuK?Lifi54 3UJ:r;4 4«*t -tn-e 

tLrc 5/ ^ v ^8; I n J: «9 ft 0 CO a* # $ l V \ 
[0 113] *fc, 3©**ka»4 4©»*i: 



8 ) 4#M2 003-153393 

14 

[0 1 14] *^Jfi^ffi"Ctt. HP 4 2 l*5±tf 4 2 2 
^6»I±1LTV>5S2(7>S4E4 1 5:^4 2&*h *ys<— 
^Ltx^fy^t, ?LS&4 3*$£IM 4 «rlW»K: (PI 

[0 115] ?Ui54 3<D1»fglklM4 4<0»/*fc«:IW* 

So 

10 [0116] Sfc x WrE^y^^^ffii: b-cra:, #lx. 

[0 117] *lSi7/^ 9R*ttxyf-y^fe|c± 
OffSS^tt, 0f^ffi^)^ir77A4O (?L» 
4 3) *iV7L»4 4«r»*A<»fifci-5ifc*«"e#, 
i*V*=* V^^ih-r-r ^ n *v l r t » 

[0 118] fr*S, T/I^yR^tt^y^^ft&JBV* 

TMAH (Th^^f^ry^x^A/^ Knt^f^f 

[0119] < 4 >^^, 019 lOTti 5 Ul> 7L^54 
4^71^14 2»*ltlP4 2 3t»*U ?L^5 

[0120] CCD7U&44. MP 4 2 2*5,fcT/4 2 3 

£g^Lfc£^ /^7^7 P y-hSfi2^ 5 /K2 5 3 

30 4 4, HP 4 2 2*5<tt^4 2 3 ^Lt, 

hSS2©^y K2 5 3^««»^»«5"f 5E«lS:KJt 

[0121] ^i5^ ^-¥77ASfi4lc, y<y 
^7 P U-MS2(^Hi2 5 1 (/<yK2 5 3) KlttR 
~rZ>tL*b<D, ?L£fl4 4, HP 4 2 2*5ii;4 2 3T«J* 

? n^yi O /J^M>^b K *#IJ -e *> 5 o 
[0 1 2 2] tulEJK4 2 0Bfe*tt, m?Uis 

40 #5 0 

[0123] < 5 >^^, m 1 9 tC^-TJ: 5 I2(D 
S^4 1 OBI 1 9 ^-blffltc, **te«rW-r*BT5fe'«*- 
^o*mi^ (WflcK) 4 5 Sr^-f-^o 

[0 12 4] C©S1I4 5tt, mJlE?L^4 3rtc7)l4 
2 OH) 1 9 ^JiffiOt, W4 3(Dffl® (H19+4£(HI 

S) ?L»4 3 0iE«oBl4 20HI 9t>±«i:te31 
J»»fc«fi|tSlX, 5 1 , 15^4 5 2»X.Tf'<v K 

4 5 3 *#J5fei-5o S;® 4 5 1 tt, 71^4 3 

rtC0JK4 2 0B1 9 ^XtUlCttfiU K4 5 3^. 
50 7L954 3 035^0^4 2(D@ 1 9 * JLWd&g U rtv 
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t>mm4 5 1 t'<y K4 5 3 tit. R*M 5 2 £tf-bT 
m^ftH-g^E£*VCV^„ &*3. ®1£4 5 lit. f-i^ 

[0 12 5] 5KbT, f&2CDg«4 l<75?Lg|54 

3 <D|2 1 9 ^Tfil-, 14 2i5±L» { @ffi4 5 1 T-«/&£ 

4 0fflW^OW (1112*5^^1 9 tf>±«!&»e> JL 
[0126] f&iEi»®l4 5 (DJ&f&Jjmt. #fcRjfe$ 10 

7-4^7. n&mm. cvD^conms&ig&m-mifb 

[0 12 7] iM4 5te, IlttSrtLTJJt), 

[0 12 8] i!K4 5«r£*B|-C*j*i-*il<fr, 
41iLTil 4$fc:l8J£S;ivf\ Cu, CuJS 20 

A K A 1 A u , P t . W, 

[0 12 9] tll4 5^^!)->i)^yIfMt5i 

mzh'-y (sa) u it«4 5ro^m^Sr(R]±^* 

[0 13 0] K— /^hirbTH:, mZ.lt. B. P. A 
s, Al tg&mf bits. £fc, K— b£ K— 7°-t- 

****»f fcllS. 30 

[0131] mmm4 5 (m®4 5 d commit, mz. 

RRj^&ixfcva^ ©}S4 5 1 com &lt. o. 05~i M 
maSt?fc5CiSj?$ b< , 0. 1~0. 5/imStf 

<6>^-rir7 7AS«4f4, 9=^±.\z.&& mm 

[0 13 2] -t LT, 112 OlC^fJ: 51-* milE^-tiJ^ 
txfcy-r-y77-t.S^4^e>aoTV^I2l 1 9tf>*{HU*J 40 
.fctf£fl!l<DffiS4 2&I&*U ^ + 7 7AS*54*-^# 

i-5o 

[0 1 3 3] 14 2co&*Ji, mz.lt. Yy^^v^-y 

[0 13 4] Z.coXoK\^X. ^t77ASE4«s# 

^ff^OESS (*«!§I8&) t»fiJSL-Ct>J:v\ 
[0 13 5] tilt. *$£WX-lt. BrJfcOieiw 50 
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[0 13 6] atFlE»«dffl©flt*»rii-rSKi«:» tfUxtf. 
BUIS14 2KMP4 2 lfeitM 2 2Sr^-r«^lC 

-tbT, *ulE^2WS«4 1 *3i.>^^^L-C5LaJ4 3 

ds±V4 4Sr^-T5t SS2rog}g4 l rofuiste 

[0137] buis^ i count mmm 2 oiso 

[0 13 8] <g^lS (3?3<DX@) > 

<i>*-f, 02 1 ic^-f-j: ^-yfyu—hm®. 

2t. ?J^7 7J*mM4tCO*SLW.^1O^$:'tT0< > 

[0139] z\co&m&t>it-?\t. m 2 1 (ci^-r<t ? 

12 2 1 fJtT^lRl Ofcfcfa) IC^T, ;<vtryu 
-h20i^-ir77A40tMi (— S) b, a* 

^s'^T'U— hSS2ffiiJcD^5' K2 5 3 
7AS*S4(RiJO?La5 4 4 (IP4 2 3) t^^ffi (— 

7 7A«tS4£Offi*fW^{4S J ^^*f3S-rSo 

-g-, ^7^7l/-Mfi2i^t77AM4©V^f 

ft mm **rt>J:v^ 

[0140] <2>2fe(c. H^b^v^SE'lb^fcttTtc^; 

u— Y&WL2<om2 1 «p ±.W<Oitiin. -ttefrh. ^y? 
r/U— HStg2©iteiSt)S2 7WBBP 2 7 2*«»*S*tfc 

[0141] r©«fiB©<it#&ri, mz.\t. *B!'fb*fc»± 

[0 14 2] /^*d\ *^WT?tt, «Jig*. y-Y-V^^A 
S«4{|iJ(r^bTt>J:< . *fc» *yir-fy. — KStS 
2t^t77ASS4t LT t i 

[0 14 3] <3>^IC, s<yf7u—Ygi1&2±.\Z. 
»Ji«r^-b-cy-<ir79AS«4SrK!llU 

t)-a-*3*-5o #Hn 2 7 2rtK-t*b-en»jiB*« 

[0 14 4] Jfcfc, »IBS:fl!fl2*fcttft«l**5. :c 
±5l-bT. H 1 *5it5l21 2tc^-T J; tiflESE'fb* 
fcttft*bfc*JB5lCj:!)» ^y^T'U- h^t£2 i;/ 

h2 0t^t77A40iwrilCli, #ff*-/l'3 
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[0 14 5] *fc % BfMLfccfc 9 Hl*5J:t5B2<t> 
±T*lRl lC*5V^T, /<^A-F2 0i^ 

^ft77A4 0t*S*tffi (—ft) U x^y^^U 
- hSfi2ttlO/^/ K2 5 3 fc^ + 7?AS«4«(0 
?LS&4 4 (1P4 2 3) fc*»BB (—ft)-"*-*. 

[0146] ^(7>J:5l-. ^y^^l/-hSfi2t^ 

[0147] 413/ *«ft*fctt*ft«l<D 10 

[0 14 8] 4 ft, *58Wm. /<s>*:/U— 

fc^-fir7 9A«E4i:o«*tt, fltrEWIB 5 T-S^-r 
**8fe«^o*tt-ctro T fc J: v \ 
[0 14 9] — h&fc2M(Ds<y K2 

5 3*5j:V^ir7 9Aate4{ffl^)^y K4 5 3 Sr-tjft, 

asp 4 4 5r^*urff 5o 20 

[0 15 0] EJLhtf><fc5fcL-C, BH*5<tt/ig2^i- 

[0151] m^. ^i/y*i/^^«< ? \ (Ditm* 

*>*SE^7J*i-Si:, (*J3E) K: J: 9 ^-f 7 

7A4 oxmn-rz. 

[0 15 2] ^t77^4 0»f^^ *0>ffifi 
(D-X'b CJ£i:t^t77A4 0 (1S4 5 

1) t^^^f20 (182 5 1) tOM*)®! 30 
a^fcU ^t77A40t/^^7 , l/-h20if 

[0153] z<Dwnmm<D$£ikte, mmt-^t it, 

[0 15 4] a±R8Stfct5^ mllB^V^V^-e-t' 

-^-T ^ PTjsV 1 SrS3t-r^>(D-C N /^7^7 P l^F20i 40 

[0 15 5] § fete, a^^^U— h 2 0Off*-;l/ 
IE (ICP) SrJBl^r b\c£ t>, *»Of|*-;V3 1 

[0 15 6] CLOfctf), ^^x^f-^-f^n^Vlti, 
«*Lfc«M3= («W««tt^ffft#tt) ^tt5o 50 
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[0157]'Sft, ayr^f^^n^yiSr^ft: 
5wtm5o r<Dfc#>, ««K (tt&A 

[0 15 8] ^y^u— hS«2*fctt^ir 

77ASS4^ ^yy'yf-e^ ^ n ^ V 1 <^M152[e]g§ 

[0 15 9] fiuifc Lfc =i >^^>r ^n^yi^ # 

[0 16 0] *38B(0«^«4BSr*t«HgicigfflU 
[0161] EI 2 2 fi s *38WO«^a«Sr«»«^a 

[0 16 2] HHfc«i-J:5K:. MW in+mm l 
0 0ft MP l 2 oa*»/*$ixfc^-v:^ 
ffl 11 0^LTVN5 o 

[0 16 3] ZCDtr— *sls?\ 1 OrtlCfcfc, #Ja£Lfc=* 

jx e> = >"t*>-ij-w * n * > i *5 j: i/^ tr— # icm^w 

[0 16 4] nyryf^^n^yi tt, ^2^1S 
SB 4- 3, tto^^t77A4 O^iP 1 2 0<O{£® 

[0165] #hk«i o o<Dftm&mw-rz>o m 

[0 16 6] ««ElKT?ffi-§-«L3aS 

[0167] ii^i o oofffltfi, ^ 

[0 16 8] aittWLfciSU:, :©i«8ioo 
fit, tft^Ufca^^^-f^n^^i SrrtaKUTVN* 

[0 16 9] «raufc*B»te»6)-f. 
ffi, WHFttB (PHSSr^tf) > -T^v-lfSfS, 

[0 17 0] J^Jt. ^O^yrytv^^D^yiD 
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[0 17 1] 

#So 

[0 17 2] 2 bK, /^^U- hOff*-^ (Jt 

RIE (ICP) £rffl^S::£tcJ: 9, #8fe<£>^g*-/v 

»W»o»*ft < »*t 5 r J: 5. - 10 

[0 17 3] rc^fc^. ffittte, "Tftfcfe, »LfcWI* 

[0 17 4] *fc, *3S^-m, nyfyfv^^n^ 

[BSoflW&iM!] 

[Ell] ttBoa^^ ^n^^<D*Ki»1B 20 

[El 2 ] ^(O^yfyfW * o *i/(D^imm 
*r»+1Ktffl6B-C*>«. 

[El 3 ] [HI 33 £ fct5EI 2 tC^-f^ ^x^lf"^ n * 
[B4] H 1 *J itfH 2 tSt = ^^t^>r 

[m 5 ] Bi*5±tfH2 ^-r^^^-w * o * 

[B6] El 1 ik^tfEI 2 t^-t-=z>"r Vfv^ ^ 30 
^coM3t^ffi^RP^-r3fca6<D|H GREBrSB) T-fcS 0 

[El 7 ] El 1 ioit^El 2 ^t^^fyfv^ fufc 
^o«3t*ttt»Wi-*fc».oB (IKMrBB) 

[El 8 ] B 1 33 itflS 2 y7yf-7>f^ n * 

[ ei 9 ] b 1 33 «t 2 t^-r =» * o * 
v©«3t*tfe«r»H"r5fc»oB mmmm) -e*>s 0 

im 1 0 ] El l 33<fctf B 2 (c^-T = 1/^1/^4 ? n 
5 0 40 

[eii i] mi^xum2\CTjk'r^^>^-^^ ^ u 

*>-©»jS*tt*RMi-5fc»oB OKIRiBB) t?fc 

So 

[EI 1 2 ] El 1 33 itfB 2 (C/Tfnyfyf-exf ^ n 
^vc0M3g^ffi^IftP^r5Aci6OEI (JKWrBB) T*£> 
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So 

[El 1 3 ] El 1 33 ±WB 2 ^^-T^ >^v^W ^ n 

So 

[@i4] 0 1 3s ±tfB 2 (c^t^.yfytw * * 
*^©«3S*tt«:lftW-r6fcft«>B («EWBBB) -C*> 

So 

[EI 1 5 ] El 1 *5±tfB 2 fc^rfa * n 

^^co^ot^fe^RB^-rsfc^^El GKffrSB) "C*> 

So 

[El 1 6 ] B 1 *s±WB 2 ^fnyfyf^.f ^ d 
*^<D«saE*ft*r»W-r*fcft©B (HBWffiB) "Cfc 

So 

[El 1 7 ] El 1 teitfB 2 te*i-=i Xt^I^^ ^ n 
*^0«3S*«6*:lft88-f5fc«>OB (IK0r®B) T?*> 

So 

[El 1 8 ] El 1 *5«fctfB 2 [^7jk-t=n^f^-^--^^ {7 n 

So 

[El 1 9 ] El 1 33 £U*B 2 tc^i"^ vVv^-^^T * n 

So 

[EI 2 0 ] EI l 33 it/ El 2 9 o 

*^o«J6*ffi*rlftiai-*fc«>«>B «*BH) "Cfc 

So 

[El 2 1 ] El 1 33 ±t5H 2 ^fny^yfv^ ^ n 
^^«{3&*«feS:»Mr5fcft<^B GKWrBB) t?*> 

So 

[ei 2 2 ] ^not^wtmiieiffi 
©^«*fc*-*-*lttB-e*>a. 
[fsHt-^lftw] 

1 • . . n ^x^i^"^^ ^n^y, 2 • • "7 is 
— hS«. 20 - • • K 21- • • ffll 
CDS^. 2 1 1 • • • ftAffi. 2 2 2 2 1 • 

• • BBP. 2 3 • • • Gfl«5, 2 4 • • • Btx 2 5 1 • • 

• mm, 2 5 2 • • • em* 253- • • k. 26 

• • • MP. 2 7 • • -ttHBt* 2 7 1, 2 7 2 " ■ 

2 8* • • 281, 282 - • 1 |P> 

2 9 • ■ • {£ft)^> 3 1 • • • A** 4 • • • y 
^t77A5«, 4 0 • • • PJ-Yy^J*. 4 1 • • • 
$2^ 42 - • -Bt. 421-4 23 - • • IS 

P . 4 3 , 4 4 • • • ?LSB, 45 - • • 31®^ 4 5 1 

• • • Wm, 4 5 2 • • • BaH. 4 5 3- • • K, 

5 • • • mm, 6 i • • i o o • • • tints* 

1 1 0 • • • tr — 1 2 0 • • • HP 
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IH7] 



26 




[EI8] 




23 

[Ell 0] 
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